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(54) Organic eledroliimlneseent devices 

(57) An organic electroluminescent (EL) device 
includes at least one luminescent layer having en 
organic cottipouncf doped with a metal capable of acting 
as a donor dopant in adjacent to a cathode electrode. 
The EL device ensures a diminished energy, barrier in 
an electron injedidn from the cathode electrode into the 
luminescent layer. I.e.» metal-doped organic compound 
layer, and thus a lowered driving voltage. The lowered 
drMng voltage can be obtained regardless of the wortc 
function of the cathode material. 
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Description 

BACKGROUND OF THE IMVENTION 

5 1 . Field of the Invention 

The present invention relates to an organic electroluminescent device or element (hereinafter, also referred to as 
an "organic EL device") which can be advantageously, for exanple. utiBzed as a planar light source or in display 
devices. 

w 

2. Description of the Related Art 

Attention has been made to an organic electroluminescent device having a luminescent layer, i.e., light-emitting 
layer, fomied Irom the specific organic compound, because it ensures a large area display device with low-voltage driv- 

M ing. To obtain an EL device with a high efficiency. Tang et al., as is reported in Appl. PhyB. Lett, 51 , 913 (1987). have 
succeeded in providing an BL device having a structure in which organic compound layers having different carrier trans- 
porting properties are lanrBnated to thereby introduce holes and electrons wth a good balance from an anode and a 
cathode, respectively. In addition, since the thickness of the organic compound layers is less than or equal to 2,000 K 
ttie EL device can exhibit a high luminance and efficiency sufficient in practical use, that is. a luminance of about 1 .000 

20 £6trc? and an external quantum efficiency of about 1 % at an applied voltage of not more than about 1 0 voils. 

In the abcve-described high efficiency EL device; Tang et al. used a magnesium (Mg) having a low work function 
in combination with the organic compound which is basically considered to be an ^ectrically insulating material, in 
order to reduce an energy bam'er which can cause a problem during faction of electrons from a metalnnade electrode. 
However, since the magne^um is liable to be oxidized and is instable, and also exhibits only a poor adhesion to a sur- 

25 face of the organic layers, magnesium was used after alloying, i.e.. by the co<leposttion of the same with sQver (Ag) 
which is relatively stable and e)diibits good adhesion to a surface of the organic Ic^rers. 

On the other hand, the researchers of Toppan Printing Co. (cf, 51st periodical meeting. Society of Applied Physics. 
Preprint 28a-PB-4. p.104O) and those of Ptoneer Co. (ci 54th periocfical meeting, Soaety of Applied Physics, Preprint 
29p-2C-15. p.1127) have had developments In the usage o1 lithium (U), which has an even lower worK function than 

30 that of Mg, and alloying the same with an aluminum (Al) to obtain a stabilized cathode, thereby embodying a lower driv- 
ing voltage and a higher emitling luminance in comparison with those of the EL device using the Mg alloy. In addition, 
as is reported in IEEE Trans. Electron Devices.. 40. 1342 (1993), the inventors of the present application have found 
that a two-layered cathode produced by depositing lithium (U) alone with a very small thickness of about 10A on an 
organic compound layer, followed by laminating a silver (Ag) to the thus deposited U layer is effective to attain a low 

35 driving voitage in the EL devices. 

Further, recently, Pei et al. of Uniax Co have proceeded to reduce a driving voltage of the EL device by doping a 
polymeric luminescent layer with a Li sah (cf. Science. 269. 1086 (1995)). This doping method is Intended to dissociate 
the LI salt dispersed in the polymeric luminescent layer to distribute U ions and courner ions near the cathode and near 
the anode, respectively, thus ensuring an ln>situ doping of the polymer molecules posrtioned near the electrodes. 

40 According to tNs method, since the polymers near the cathode are reduced with U as a donor dopant, i.e.. electron- 
donating dbpant, and thus the reduced polymers are comanied in the state of radical anions, a ban-ier off the electron 
iri ection from the cathode can be remarkably reduced, contrary 1o the simitar method inclucfing no Li doping. 

However, due to CKidation of the electrodes and other reasons, detertoration of the devkze can be resulted in the 
above-described EL devices using an alloy of Mg or Li as the electrode material. In addition, use of the afloy-made elec- 

45 trodes results in limitation in the selection of suitable material fbr the electrodes, because the electrode material to be 
used has to simultaneously satisfy the requirement for the function as a wiring material. Further, the two-layered cath- 
ode developed by the inventors (described above) Is unable to act as a cathode when a thickness of the Li layer is above 
about 20A (cf. IEEE Trans. Electron Devices., 40, 1342 (1 993). Furthermore, in the in-situ doping method developed by 
Pei et Bl. in which the Li salt is added to the luminescent layer to cause their dissociation In the electric field, there Is a 

so problem with the transfer time of tt% dissociated k>ns to the dose vidntiy of the electrodes having a controlled velocity, 
thereby causing a remarkable retardation of the response speed of the devices. 

SUMMARY OF THE INVENTION 

55 The present invention has been provided in view of the above-described circumstances of the prior art. and accord- 
ingly one object of ttie present invention is to reduce an energy barrier in the electron injection of from a cathode elec- 
trode to an organic compound layer, thereby ensuring a low-vdtage driving regardless of the work function of the 
cathode material. 
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Another object of the present invention is to provide a device {organic electroluminescent device) capable of indi- 
cating satisfactory characteristics which are amilar to or higher than those obtained using the atx)ve-<lescribed alloy as 
the electrode materigil. when aluminum or other low-cost and stable metais which are conventionally used as the wiring 
material in the prior art are used alone as the cathode material 
5 The inventors have now found that if an organic compound layer positioned acijacent to the cathode is doped with 
a metal which can act as a donor dopant i.e.. electron-donating dopant a banier in the eiectron injection from the cath- 
^ ode to the organic compound layer can be diminished, thereby lowering a driving voltage of the device. 

That is» the present invention concerns an organic electroluminescent (EL) device comprising at least one lumines- 
cent layer constituted from an organic compound, positioned between an anode electrode and a cathode electrode 
10 opposed to each other, and is characterized by a layer of an organic compound doped with a metal capable of acting 
as a donor dopant being contained in an interfaciat surface with the cathode electrode. 

More particularly, the donor dopant used herein can be constituted from at least one metal selected from alkali met- 
als, alkali earth metals and transition metals Including rare earth metals, such metals having a work function of at less 
than or equal to 4.2 e V. Finlher, it is preferred that a concentration of the donor dopant in the metal-doped organic com- ^ 
IS pound layer is in the range of about 0. 1 to 99 % by weight, and a thickness ol the metal-doped organic compound layer 
is in the range ol about 10 to S.OOOA. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 The present invention win be more cleariy understood from the descriptbn as set forth t>elow with reference to the 
accompanying drawings, wherein: 

Fig. 1 is a cross-secttonal view illustraling a lamination structure of the organic EL device according one preferred 
embodiment of the present invention: 
25 Fig. 2 is a graph showing the relaiionsNp between the bias voltage and the luminance for the organic EL device 
according the present invention and the oorvparative organte EL device; and 

Fig. 3 is a graph showing the relationship between the current den^ty and the ium^ance for the organic EL device 
according the present invention and the comparative organic EL device. 

30 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention will be further described wfth reference to the preferred embodiments thereof. 
Figure 1 is a simplified cross-sectional view illustrating the organic EL device according one prefen'ed embodiment 
of the present invention. A glass substrate (transparent substrate) 1 has. laminated in the described oider on a surface 

35 thereof, a transparent electrode 2 constituting an anode electrode, a hole transport layer 3 having a hole-transporting 
property, a lunrnescent layer 4, a metal-doped organic compound layer 5 and a back electrode 5 constituting a cathode 
electrode. Among these components of the device, i.e., layers, the glass substrate (tran^arent sut>strate) 1 , the trans- 
parent electrode 2. the hole tran^rt layer 3, the luminescent layer 4 and the back electrode 6 each may be the weD- 
known component, and the metal-doped layer 5 is'the specific component or layer suggested by the present invention. 

40 in addition to the illustrated lamination structure of the layers, the organic EL device of the present inventk^n may 
include other lamination structures such as anode/luminescent layer/metal-doped layer/cathode, anode/hole transport 
iayer/luminesoenf layer/metal-doped layei/cathode, anode/hole transport layer/luminescent layer/electron transport 
layerAnetal-doped layer/bathode, anode/hde injection layer/hole transport layer/iuminescent layer/metal-doped 
layer/cathode, anodeMe injectksn layer/hole transport layer/luminescent layer/electron transport layer/n\etal-doped 

45 layer/cathode, and others. Note that the ori^c EL device of the present invention may have any laminatton structure, 
as long as it contains a metakloped layer 5 in an intertecial surface with the cathode electrode 6. 

In organic ELdevrees, an electron injection process f nam a cathode to an organic compound layer which is basically 
made of an electrically insulating material is proceeded based on a reduction of the organic compound on a surtace of 
the cathode, Le., generation of a radical anion state (cf. Phys. Rev. Lett.. 14, 229 (1965)). For the EL device of the 

so present invention, a metal, that is. a donor (electron-donating) dopant siisstance capable of acting as a redudng agent 
for the organic compourKl. is pr^ousty dopedi in a layer of the organic compound contacting with the cathode, and thus 
an energy t>anr]er generated during the electron injection from the cathode can be lowered. Accordingly the metal- 
doped layer 5 contained in the EL device of tie present invention is a layer of the organic conpound having doped 
therein such metal capable of functioning as the donor dopant Since the metal-doped layer contains molecules which 

ss have been already reduced with the dopant (that is, those in which dectrons have been accepts and contained), an 
energy barrier to the electron injection is small, and thus a driving voltage can be lowered in contparison with the con- 
ventional EL devices. In addition, the cathode can be formed from a metal such as an akjminum (Al) wNch is conven- 
tionally used as e wiring material and is stabla 
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tn this instance, the donor dopant is not restricted to a specific one, as long as it is a metal which can reduce the 
organic compound, that is, alkali metals such as Li, alkali earth metals such as Mg and transition metals including rare 
earth metals. In particular, the metal having a worklunction of less than or equal to 4.2 eV can be suitably used as the 
dopant, and lypicai examples of such dopant metal indude Li. Na. K Be, Mg, Ca, Sr. Ba, Y. La. Sm, Gd, Yb. 

5 A concentration of the dopant in the metal-doped organic compound layer ts not restricted to a specific one, how- 
ever, it is prefen-ed that the concentration is In the range of 0.1 to 99 % by wveight. The concentration less than 0.1 % by 
weight results in only a small effect o1 dpplng. because the concentration of the molecules of the organic compound 
reduced by the dopant (hereinafter, referred to as "reduced molecules") is excesstveiy lowered. The concentration 
above 99 % by weight also results in a lowering of the doping effect because a concentration of the metal in the layer 

10 can be remartebiy increased beyond the concentration of the molecules of the organic compound, and thus a concen- 
tration of the reduced molecules is also excessively lowered. 

Further, a thickness of the metal-doped organic compound layer is not restricted to the specific one, however, it is 
preferred that the thickness Is in the range o1 about 10 to 3,000 A. The thickness less than about loA Is not preferred, 
because it results in only a small effect of doping, since only a less amount of the reduced molecules are distributed 

15 around an tnterfadal surface of the electrode. Similarly, the thickness above 3,OO0A is not preferred, because it causes 
an excessive increase of the total thickness of the organic compound layer, and thus induces an increase of the driving 
voltage. 

In the formatton of the above-descrbed metal-doped organic compound layer 5. any methods for forming thin films 
may be used, and typical examples of suitable methods include a vapour deposition method and a sputtering method. 
20 In addifioa if it ie possible to carry out the film formation through coating from a solution, a coating nr)ethod from a solu- 
tton such as the spin coating method and the dip coating method may be used in the formation of thin f Urns. In the for- 
mation of such thin fims, an organic compound to be doped and a dopant may be used after they were dispersed in an 
inactive polymer. 

The organic compounds which can be used in the formation of the luminescent leyer^ the electron transport layer 

25 and the metal<loped layer in the EL device of the present invention each are not restricted to the specific one. Examples 
of suitalsie organic compounds include polycyclic compounds such as p-terphenyl» quaterphenyl as well as derivatives 
thereof, condensed polycyclic tiydrocarbon compounds such as naphthalene, tetracene, pyrene. coronene. chrysene. 
anthracene, diphenylanthracene, naphthacene. phenantiirene as well as derivatives thereof, condensed heterocyclic 
compounds such as phenanthroline. bathophenanthroline, phenanthrid ine. acridine. quinofine, quinoxaline. phenazine 

30 and the like as well as derivatives thereof, and fluoroceine, perylene. phthaloperytene. naphthmtoperylene, perynone. 
pfithaloperynone, naphthaioperynone, drphenyfbutadiene, tetraphenybutadiene, oxadiazole, atdazine. bisbenzoxazo- 
line, bisstyryl, pyrazine. cydopentadiene. oxine, anvnoquinoline. imine. diphenylethylene. vinytanthracene. diamlnocar- 
bazole. pyrane, thiopyrane, pdymethine, merocyanine, quinacridone, rubrene as well as derivatives thereof. 

In addition to the abwe-mentioned organic compounds, metal-chelated conplex compounds described in Japa- 

3S nese Unexamined Patent PuWicafion (Kokal; hereinafter, referred to as JP-A-) Nos. 63-295695, 8-22557. 8-81472. 5- 
9470 and 5-17764 can be suitably used. Among these metal-cheiated complex compourids, suitable metal-chelated 
Qxanoide compounds are metal comples^s wNch contan. as a ligand thereof, at least one selected from 8-qufnolinolato 
and derivatives thereof such as tris(8-quinolinolato}alumlnum. bls(8<iuinolinolato)maoneaum. bi&[benzo(f)-8-qulno- 
lindafol zinc, bi8(2-methyl-e-quinofinolato)aluminum, tri{B:quinoiino lato)indium. tris(5-methyl-8-quinolinolato}aluini- 

40 num. 8-quinolinolatolithiunx tris(5'Chk)ro>8-qwnolinolato)gallium, bis(5-chloro^uino]inolato)ca]cium. 

Also. OKadiazoles di&dosed In JP-A-5-202011. 7-179394, 7-278124 and 7-228579. triazlnes disclosed In JP-A-7- 
157473, stilbene derivatives and distyrylarylene derivatives disclosed in JP-A-6-203963, slyryl derivath/es disclosed in 
JP-A-6-132080 and 6-88072, and dloleFin derivatives disclosed in JP-A-6-1 00857 and 6-207170 are preferably used in 
the formetton of the luminescent layer, the electron tnansport layer and the metal-doped organic compound layer 

4S Further, a fluorescent whitenirtg agent of benzoxazoles, benzothiazoles, t>enzoimtdazoles and the like may be used 
as the above-described organic compound, and it Includes, for example, those described in JP-A-69-194393. Typical 
examples ol the fluorescent wbtiitening agent include the fluorescent whitening agents under the group of benzoxazoles 
such as 2.5-bis{5.7<Ji-t-pentyl-2-t>enzoxazolyl)-1.3.4-thiazole. 4.4-bis(5,7-^'i?wTtyl-2-benzQxazolyl)sflbene. 4.4'- 
bis[5.7-di(2-methyl-2-butyl)-2-benzoxazolyl]stllbene, 2,5-bis(5,7'dHt-pentyl-2-benzoxazdyl)thiophene. 2.5-bis[5-(a. a- 

$0 dimethylbenzyl)-2-benzQxazolyllthiophene, 2,5-bis[5,7'di(2-metfTyf-2-butyl)-2-benzoxa2olyI]-3,4-dipheny^iophene. 
2.5-bis(5-m6thyK2-benzoxa20lyOthicphene. 4.4'-bis(2-benzoxazol yObiphenyl. 5-methyl-2- {2-[4-(5-fnethyl-2-benzoxa' 
zol yf)phenyl]vinyl) t>enzoxazole, 2-[2-(4-chloropheny()vin yI]naphthQ(1 ^-d)oxazoie and the like, uroler the group of ben- 
zothiazotes such as 2,2'-(p'phenylenedtpyny1ene}-bisbenzo thiazole, and under the group of benzoimidazoles such as 
2-{2-[4-(2-benzolmidazolyOphenyOvinyl}benzoimida2ole, 2-[2-(4-cart»xyphenyOvinyl]ben2ormidazole. 

55 As a drstyrylbenzene compound, the compounds disclosed In, for example. European Patent Na 373.582 may be 
used. Typical examples of a dislyrylbenzene compound Include 1,4-bis(2-methytstyryObenzene, 1 ,4-bis(3•methylsty- 
ryl)benzene, 1.4-bis(4-methyJBlyryl)benzene. dstyrylbenzene, 1,4-bi6(2-elhylstyryl)benzen€. 1 .4-bls(3-ethyl5tyryl)ben- 
zene, 1,4-bis(2-methylstyryl)-2-melhylbenzene, 1.4-bis(2-methytetyryl)-2-elhyIbenzene. 
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Furthermore, distyrylpyrazine derivatives disclosed in Jp.A-2-252793 may also be used in fbrmatfon of the 
luminescent layer, the electron transport layer and the metal-doped organic compound layer. Typical examples o1 the 
distyrylpyrazlne derivaEtives include 2.5-bis(4-methylstyryO pyrazine. 2.5-bis(4-ethyfstyryl)pyra2ine, 2.5-bls[2-(1-naph- 
thyf)vinyqpyrazine. 2.5-bis(4-methoxy5tyryl)pyrazine. 2,5-bisI2-(4-bipher^yOvinyI]pyra2ine. 2,5-bis[2^1 -pyr 
5 enyl)vinyllpyra2ine. 

In addition, dimethylidine derivatives disdosed in European Patent No. 388,768 and JP-A-3-23 1970 may also be 
used as the materia! for the luminescent layer, the efectron transport fayer and the m^t-doped organic compourd 
layer. Typicaf examples of ihe dimethylidine derivatives include 1.4-phenylene-dimethyiidiner4i4'-phenylened{methylid- 
Ine. 2.5-xyfylene<fimethylidine, 2,6-naphttiyIenedimethylidine. 1,4-btphenylene-dimethylidine, 1.4-p-terephenyiened- 
10 Imelhylid ine, 9,10-anthracenediyldjmethyIidine, 4,4'-{2.2-dl-t-buty4phenylvlnyl)biphenyt, 4,4^(2. 2-diphenylvinyl)biphenyl 
as well as derivatives thereof, silanamine derivatives cfiscfosed in JP>A-6-49079 and 6-293778. polyfunctional styryf 
compounds disclosed in JP-A-6-279322 and 6-279323, oxadlazole den'vatives disclosed in JP-A-6-1 07646 and 6- 
92947, anthracene compounds disclosed in JP-A-6-206865, oxynate derivatives disdosed in JP-A-6-1 451 46, tetraphe- 
nylbutadiene compounds disclosed in JP-A-4-96990, and organic trifunctiona! compounds disclosed in JP-A-3-296595, 
IS as well as coumarin derivatives disclosed in JP-A-Z-l 91694, perylene derivatives disdosed in J P-A-2- 196885, naph- 
thalene derivatives disdosed In JP- A>2-255789. phthaloperynone derivatives cfisclosed in JP- A.2-289676 and 2-88689, 
and styryfamine derivatives disdosed in JP-A-2-250292. 

Moreover, in the production of the organic EL device according to the present invOTtiw:, any of the well-known com- 
pounds conventionally used in the production of the prior art organic EL devices may be sintably used. 

so The arylamine compounds used in the formation of the hole injection layer, the hole trangxjrt layer and the hole- 
transporting luminescent layer are not restricted to the specific compounds, however, It is preleraWe to use the 
aryJamine compounds disdosed in JP-A-6-25559, 6-203963, 6-215874. 7-1451 16, 7-224012, 7-157473, 8-48656. 7- 
126226. 7-188130. 8-40995. 8-40996. 8-40997, 7-126225, 7-101911 and 7-97355. Typical examples of suitable 
aryiamine compounds Indude, lor example, N.N.N'.fi-tetraphenyl-4,4*-diamlnophen yl. N,N'-diphenyl-N,rr-di(3-methyl- 

2S pherTyl)-4,4'-diaminobiphen yl, 2.2-bis(4<li-p-tolylaminophenyf)propane, N,N.N\N*-tetra-p-tolyl-4,4'-diaminobipheny1. 
bi&(4-di-p-toiylaminophe nyQphenylmethane. N,N*-diphenyl-N,N'-di(4-m6thGKypheny(H'4'<(ian^obiphenyl. N.N.Nr.N'- 
tetrBphenyl-4,4'-dianritnodiph enylether, 4.4*-U8(d[phenylamlno)quadriphenyl. 4-N.N-dipheny]aminD-(2<fiphenyivi- 
nyl)benzene, 3-nielhQxy-4*-N.N-diphenylanrtinostilbenzene, N-phenylcarbazole, 1 . 1 -bis(4<li-p-triamTnophe- 
nyljcydohexane. 1,1*b^(4-dl-p-trtaminQpheny]H-pbeny!cydohexane. bts(4-d}methylamino>2-methylpheny 

3D l)phenylnrwlhane. N.N,N-tri(p-to!yl)amine. 4-{di-p-tolylamlno )-4'-[4-(di-p-tolylamino)styryl]stilbene, N,N,N',N'-letraphe 
nyl-4,4'-diaminobiphenyl N-phenylcartjazole, 4.4'-bis[N-(1-naphthyI)-N-phenylamino]biphenyI. 4,4"-bis[N-(1-naphthyi)- 
N-phenylamino) p-terphenyl. 4.4'-bisIN-(2-naphthyl)-N-|^Bnylamino)btphenyl. 4.4'-bis[N-(3-ac€naplTthenyl)-N-phenyla 
minoJnapWhalene. 4,4'-bis(N-{9-anlhryl)-N-phenylamin ofwphenyt, 4.4''-bis(N-(1-anthryf)-N-phenylamino] p-lerphen yl, 
4,4'-bis[N-(2-phenarrthryf)-N-phenylaminoP3lphenyl. 4,4'-bis[N-(8"fluoranthenyl)-N-phenylamino]bphenyl, 4,4*-bis[N-(2- 

3S pyrenyl)-N-phenylamino^iphenyl. 4.4'-bisiN-(2-perylenyO -N-phenylamtno]blphenyl, 4,4'-bis|N-(1-coronenyl)-N-pheny- 
lam inojbiphenyl, 2,6-bis(dii5-tol>iamino)naphthalene, 2. 5-bis[di-(vnapMh>i)amino] naphthalene. 2.6-bis[r4-(1-naph- 
thyi) -N-(2-naphthyl)amino]naphtfalene, 4,4*'-bis[N,N-di(2-naphthy Qaminojterphenyl. 4,4'-bts" {N-phenyl-N-[4-(1- 
naphthy Ophenyljamino} biphenyl, 4,4-bis[N-phenyl*N-(2-pyren yl)ammo]biphenyl, 2,6-bis[N.N-di{2-naphthyI)amino]flu- 
orene. 4,4"-bis(N.N-di'P-toJyIamino)terphenyl. bis(N-l-naphthyl) (N-2-naphthyl)amine In addition to these arylamine 

40 compounds, any of the well-kncwn compounds conventionally used in the production of the prior art organic EL d evices 
may be suitably used. 

Further, In the formation of the hole injection layer, the hole transport layer and the hole-transporting luminescent 
layer, a dispersion of the above-described organic compounds in a polymer or a polymerized product of such organic 
compounds may be used. Moreover. so-calJed "n-oor^ugate polymers" such as po^raphenylene vinylene and its 
45 derivatives, hote-tmnsportmg non-conjugate polymers, one typical example of which is poly(N-vinylcaribazole), and 
conjugate polymers of pdysHanes may be used fbr the same purpose. 

The material of the hole injection layer to be deposited over the ITO (indium-tin oxide) electrode is not restricted to 
a specific one. how«/er, metal phthalocyanines such as copper phthalocyanine as well as non-metal phthalocyardnes. 
carbon films, electrically conducting polymers such as poiyanifines may t>e suitably used In the formation of the hole 
so injection layer. Alternatively; the hole irijection layer may be formed by reacting the above-described arylamine com- 
pounds with a Lewis acid as an oxidizing agent, thereby generating radical cations. 

The material of the cathode electrode is not restricted, as long as it is a metal which can be stably used in air. in 
particular, suitable cathode material is an aluminum (Al) which is the conventional and well-known wiring electrode. 

55 EXAMPLES 

The present invention will be fiAlher described with reference to the fc^lowing examples, however, it shoidd be 
noted that the present invention is not restricted by these examples. 
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In the following examples, vapour deposition of the organic compound and that of the nietai each was carried out 
by using the vapour deposilion apparatus •'VPC-400" commercially available from Shinkuu Kikou Co., and spin-coating 
was made In the spin-coater "IH-DS" commerdally available from Mikasa Co. The tNckness of the layer formed by sptn- 
coating was determined by using the prof ilometer *0ekTak3ST commer^lly available from Sloan Ca 

5 Further, the characteristics of the organic EL device was determined by using the DC electric source PBX 40-2.5 
commercially available from Kikusui Co., the multimeter VOAC-7510 commercially available from Iwatsu Co., and the 
luminance meter commercially available from Topcon Co. A DC voltage was stepwise applied at an increasing 
rate of one volt per 2 seconds to the organic EL device having an fTO anode and an aluminum (Al) cathode, and the 
luminance and the electric current were d^ermined after one second had passed from the completion of each increase 

w of the voltage. The EL spectrum was determined by using the optical multichannel analyzer PMA-IO. commercially 
avaifble from htamamatsu Photonics Ca. driven at a constant electric current. 

Example 1: 

15 The organic EL device having the lamination etnjcture illustrated in Rg. 1 was produced according to the present 
invention. 

A glass substrate 1 coated with an HO Or^iium-tin oxide) layer having a sheet resistance of about 15 n/ □ as a 
transparent anode electrode 2, commercially available as an electron beam deposition product from Asahl Glass Ca, 
was provided. a-NPD having a hole transport property was deposited onto the IKVcoated glass substrate 1 . a-NPD is 
20 represented by the folk>wing formula (1): 

Fomula<l} 



30 



35 




under the vacuum deposition conditions of about lO'^orr and about 3Afeec to fbiTn a hole transport layer 3 having a 
tNckness of about 40oA. 

40 Next, an aluntinum complex of tris(8-quinoEnolato} (heranafter, briefly referred to as "Alq*? exhibiting a green lumi- 
nescence was deposited onto the obtained hole transport layer 3. An aluminum conpiex of trl8(B<|UHiolinoia to) is rep> 
resented by the following formula (2): 
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Formula (2) 
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IS 




under the same vacuum depos'rtion conditions as in the above-described deposition of the hole transport layer 3 to form 
20 a Mnescent layer 4 having a thickness of about 300 A. 

Aiier the tormation of the tumlnesceni layer 4. Alq and lithium (U) was co-deposited onto the layer 4 under the con- 
trolled vacuum deposition conditions of each of Alq and Li so that a concentration of U may be about 1 .5% by weight, 
to form a metal(LQ<loped Alq layer 5 having a thickness cS about 400A. 

Rnelly alminum (Al) was deposited onto the metal-doped layer 5 at a deposition speed of about 15 A/sec to form 
25 a back electrode 6 acting as a cathode and havir^ a thickness of about 1 .000 A. The organic EL device hnnng a square 
luminescent area of about 0.5cm Qength) by about 0.5cm (width) was thus obtained. 

in the organic EL dSMce, a DC voltage was applied to between the ITO anode 2 and the Al cathode 6. and a lumi- 
nance of the green Himinescence from the luminescent Alq layer 4 was detemiined. The resufts were plotted with circles 
in each of Bg. 2 showing the relationship between the bias voltage and the luminance of the ELdevice and Fig. 3 show- 
so ing the relationship between the current density and the luminance of the EL device. These results indicate tt^ a max- 
imum lunmance of S9,000 od/m^ could be obtained at the applied bias voitage of about 1 2 volts and the current density 
of about 800mA/cni?. and a luminance of about 1,000 odjm^ could be obtained at the applied bias voltage of about 8 
volts. 

35 Comparative Example 1: 

The procedure of Example 1 was repeated with the proviso that, for the purpose of comparison, a metal-dop«j 
layer 5 was omitted from the organic EL device. That is, a-NPD was first deposited onto the ITO-coated glass substrate 
1 to form a hole transport layer 3 having a thickness of about 400A, and then Ak] was deposited under the same vac- 
40 uum deposition condlttons as in the deposition of the hole transport layer 3 to form a luminescent Alq layer 4 having a 
thickness of atsout 600 A. Then, aluminum (Al) was deposited at a thickness of about 2.O00 A over the luminescent Alq 
layer 4 to form a cathode 6. The organic EL device was thus obtained. 

In the or^ic EL device, the luminance of the green luminescence from the luminescent Alq layer 4 was deter- 
mined as in Example 1 . The results were ptotted with triangular marks in each of Fig. 2 and Rg. 3. These resutts indi- 
45 cate that only a luminance of at most about 6, 700 cd/m^ could be obtained at the applied bias voltage of about 1 5 volts, 
and an application of the voltage of edsout 13 voUs was required to obtain a luminance of about 1 .000 odAn^. it can be 
appreciated firom these results that the presence of the metal-doped layer 5 which is essential to the organic EL device 
of the present invention is effective In reducing the driving voltage of the EL device. 

so Comparative Exanrf)le 2: 

The procedure of Example 1 was repeated with the proviso that, fbr the purpose of comparison, a metal-doped 
layer 5 was inciuded in the organic EL device in the position which does not satisfy the requirement for the lamination 
structure of the present invention. That is. a-NPD was first deposited onto the ITOcoated glass substrate 1 to form a 
55 hole transport layer 3 having a thickness of aboit 400A. followed by, in sequence, vacuum co-deposition of Alq and Li 
at a Li concerrtration of about 1 .5% by weight to form a metal-doped layer 3 having a thickness of about 300 A. and sole 
deposition of Alq to forma luminescent layer 4 having a thickness of about 300A. Then, aluminum (Al) was deposited 
at a thickness of about 1 ,000 A over the luminescent Alq layer 4 to form a cathode 6. The organic EL device was thus 
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oistained. 

In the organic EL device, only a nnaximufn lunilnance of 8 cd/m^ couWbe oblamed at the applied bias voltege of 25 
volts. It Is appreciated from this result that the presence of the Li-doped Alq rayer in the neighbortiood of the cathode is 
essentralty required to obtain a highly increased luminance in the EL device 

Also, It was observed that the iuminescent spectrum of the EL device was broadened in comparison vi^ith the spec- 
trum of Alq per se, and thus a fluorescence property of the device was lowered. This fact evidences that Alq was 
reduced upon doping of U therein, and thus an energy level of Alq was varied. Also, the same could be dsserved from 
the variation of the ultraviolet (UV) absorption and visible light absorption spectrums in the U-doped Alq layer 

Comparative Example 3: 

The procedure of Example 1 was repeated with the proviso that, for the purpose of comparison, a metal-doped 
layer 5 was omitted from the organic EL device and an alloy of Mg and Ag was used in place of Al as the cathode mate- 
rial. That fe, a-NPD was first deposited onto the ITO-coated glass substrate 1 to form a hole transport layer 3 hawng a 
tWcltfiess of about 400A, and then Alq was deposited under the same vacuum deposition conditions as in the deposition 
of the hole transport layer 3 to form a luminescent A!q layer 4 having a thickness of at»ut 600 A. Then, an alloy of Mg 
and Ag in a weight ratio of about 1 0 : 1 vi«s deposited at a thickness of about 1 ,500 A over the kiminescent Alq layer A 
to form a cathode 6. The organic EL device was thus obtained. 

In the oiganic EL device, a maximum luminance of 17.000 odAif could be obteitned at the applied bias voltage of 
about 13 volts, and an £«3plication of the voltage of about 9.5 vote was required to obtain a luminance of 1 .000 cd/m^. 
It is appreciated from these results and the abovfrdcscribed results of Example 1 in vwhlch the EL device contained the 
metal-doped layer and an application of the voltage of about 8 votts was reqinred to obtain the same luminance of 1 ,000 
od/m^. that the use of the metal-doped layer in the EL device is nrare effective in a reduction of the driving voltage and 
an Increase of the maximum luminance, than the use of the alloy-made cathode In the EL device. 

Example 2: 

The procedure of Exanple 1 was repeated with the proviso that bathophenanthroline was used in place of Alq rn 
the formation of fte metal-doped layer 5. Tfrat is. a-NPD was first deposited onto the ITO-coated glass substrate 1 to 
form a hole transport layer 3 having a thickness of about 400A. fdlowed by vacuum deposition of Alq to form a lumines- 
cent layer 4 having a thickness of about 300A. Thereafter, bathophenanthroline was codeposited onto the luminescent 
Alq layer 4. Bathophenanthroline is represented by the following formula (3): 

Formula (3) 




and Li under the controlled vacuum deposition conditions of each of bathophenamhroline and U so that a concentration 
of Li may be about 2% by weight to form a metal -doped layer 5 having a thickness of about 300 A. Then, aluminum (Al) 
was deposited at a thickness of about 1 .000 A over the metal-doped layer 5 to form a cathode 6. The organic EL device 
was thus obtained. 

In the organic EL da/lce, a maximum luminance of 28,000 cd/m^ could be obtained at ttie applied bias voltage of 
dxnit 12 vdts. along with the cuaent density of about 820mA/cm^. That is. In this example, a highly increased lumi- 
nance which is comparaUe to that of the above-described Example 1 could be obtained. 
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Comparative Example 4: 

The procedure of Example 2 was repeated with the proviso that, tor the purpose of comparison, only bathophen- 
anthroline was deposited in place of the co-deposition of bathopfienanttiroline and U to form a metal*undoped layer. 

s That is, a- NPD was first deposited onto the ITO-ooated glass substrate 1 to torm a hole transport layer 3 having a thick- 
ness of about 400A, and then Alq was deposited under the same vacuum deposition conditions as in the deposition of 
the hole transport layer 3 to form a lumfriescent Alq layer 4 having a tl^ckness of about 300 A. Thereafter, bathophen- 
anihroline was sole d^osited onto the luminescent Alq layer 4 to form a m^hundoped layer having a thickness of 
about 300 A. Then, aluminum (AQ was deposited at a thickness of about 1 ,000 A over the metal-undoped layer to form 

TO a cathode 6. The organic EL device was thus obtained. 

in the organic EL device, only a maximum luminance of 9,500 cd/m^ could be obtained at the applied bias voltage 
of about 15 volts, along wth the current density of only about 270 mA/cm^. That is, this coirparative example evidences 
that the doping of Li in the bathophenanthroiine in the above-described Exan^le 2 is effective to reduce a driving volt- 
age of the EL device. 

IS 

Examples: 

The procedure of Example 1 was repeated with the proviso that magnesium (Mg) was used In place of Li in the for- 
mation of the metal-doped layer 5. That is. a-NPD was first deposited onto the ITO-coatBd glass substrate 1 to form a 

20 hole trar^sport layer 3 having a thickness of about 400 A, followed by vacuum deposition of Alq to form a luminescerrt Alq 
layer 4 having a thickness of about 600A. Thereafter, Alq and Mg was codeposi'ted onto the luminescent Alq layer 4 
under the controlled vacuum deposition conditions of each of Akj arKf Mg so that a concentration of Mg may be about 
93% by weight, to fonn a metal-doped layer 5 havbg a thickness of about 20A. Then, aluminum (AQ was deposited at 
a thickness off about 1»OO0 A over the metal-doped layer 5 to form a cathode 6. The organic EL device was thus 

25 obtained. 

In the orgarac EL device, a maximum luminance of 28.000 cd/m^ and a current density of about 920 mA/cm^ could 
be obtained That is. in this example, a highly increased luminance which is conparable to that of the above-described 
Example 1 could be obtained. 

30 Exanple 4: 

TTie procedure of Example 1 was repeated wHh the proviso that polyparaphenylene vinyfene (PPV) was first depos- 
ited onto the ITO-coated glass substrate 1 in accordance with the method descn'bed in Burroughes et al., Nature, 347, 
539 (1990) lo form a luminescent PPV layer 4 having a thickness of about I.OOOA. Then, polystyrene of a molecular 

3S weight of 200,000 and diphenylanthracene in a weight ratio of 2 ; 1 were dissolved in tetrahydrof uran, and 2% by weight 
of Li based on diphenylanthracene was dspersed, with stin-ing, in the resulting solution to cause a reaction of Li with 
diphenylanthracene. Using the thus obtained tetrahydrofuran solution, the luminescent PPV layer 4 was spin-coated 
with diphenylanthracenedJ-containing polystyrene in a nitrogen atmosphere to form a metal<loped layer 5 having a 
thickness of aboiA 50 A. Then, aluminum (Al) was deposited at a thickness of about 1 ,000 A over the metal-doped layer 

40 5 to lonm a cathode 6. The organic EL device was thus obtained. 

in the organic EL devtoe. a yellowish green luminescence due to presence of the luminescent PPV layer was 
obsenfed, along with a maximum tunvnance of 4^00 cd/m^. 

Comparative Exanple 5: 

45 

The procedure of Example 4 was repeated with the proviso that, for a comparison purporse. a metal-doped layer 5 
was omitted from the organic EL device. That is, PPV was deposited onto the ITO-ooated glass subs^te 1 in accord- 
ance with the manner described in Example 4 to fonm a luminescent PPV layer 4 having a thickness of about 1 ,000A. 
Then, aluminum (Al) was deposited at a thickness of at>out 1 ,000 A over the luminescent PPV layer 4 to forni a cathode 
so 6. The organic EL device was thus obtained. 

In the organic EL device, a yellowish green luminescerKe due to presence of the luminescent PPV layer was 
observed, however, the maximum luminance otiserved was only at>out 400 cd/tr?. This result eridences that in the 
above^lescribed Example 4, the presence of the metal-doped layer 5 was effective in reducing the driving voltage of 
the EL device. 

55 As can be appreciated frt>m the above descriptions, the organic EL device of the present Invention enables produc- 
tion of luminescent devices or devices showing a high efficiency and high luminance capable of being driven at a low 
driving voltage, because it contains a metal-doped organic compound layer which conprises an organic compound 
having doped therein a metal acting as a donor (electron-donating) dopant, in an interfacial surface with a cathode elec- 
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trode. Aocordingiy. the organic EL device of the present invention can exhibit a high utility practical use. and enables 
an effective utilization of the same as display devices, light sources and others. 

Claims 

1 . An organic electroluminescent device comprising: 

an anode ^ectrode; 

a cathode electrode opposed to said electrode; 

at least one luminescent layer constituted from an organic compound positioned between said anode electrode 
and cathode electrode; and 

a layer of an organic compound doped with a metal capable of acting as a donor dopant, said layer of an 
organic compound being positioned in an interfaciat surface with said cathode eiectroda 

2. The organic electroluminescent device according to claim 1 , in wfuch said donor dopant consists of at least one 
metal selected from alkali metals* alkali earth metals and tran»tion metals including rare earth metals, said metal 
having a work function of less than or equal to 42 eV. 

3. The organic electroluminesGent device acconcfing to claim 1 or 2, in which 8»d donor dopant is contained bi an 
amount D. 1 to 99 % by weight in said metal-doped oganic compound layer. 

4. The organic electrolum'Diescent device according to any one of claims 1 to 3. in which sakJ metal-doped organic 
conpound layer has a thickness of 10 to 3,000 A. 

5. The organic eledroluminescent device according to any one of claims 1 to 4. in which at least one of the materials 
constituting said cathode electrode is aluminum 

6. An organic electroluminescent device comprising at least one luminescent layer constituted from an organic com- 
pound, positioned between an anode electrode and a cathode electrode opposed to each other. In which a layer of 
an organic compound doped with a metal capable of acting as a donor dopant Is contained in an interfeclal surfece 
with said cathode electrode. 
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Fig. 1 
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Fig. 2 
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Fig. 3 
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